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HYDSRUDWRUVKHOOYHU\ORZWKHZDWHUERLOVDWDYHU\ORZWHPSHUDWXUH7KLVERLOLQJGHWHUPLQHVKHDWDEVRUSWLRQIURPWKH
SLSHOLQHWKXVORZHULQJWKHWHPSHUDWXUHRIWKHZDWHUWREHFRROHG
7KHHYDSRUDWHGZDWHUSDVVHVLQWKHDEVRUEHUVHFWLRQRIWKHFKLOOHUZKHUHLWLVPL[HGZLWKDFRQFHQWUDWHGVROXWLRQRI
OLWKLXPEURPLGH7KLVVROXWLRQDEVRUEVWKHZDWHUYDSRUEHFRPHVPRUHGLOXWHGDQGUDSLGO\ORVHVLWVFDSDELOLW\WRDEVRUE
ZDWHUYDSRU7KHZHDN OLWKLXPEURPLGHVROXWLRQ LV WKHQSXPSHGWR WKHJHQHUDWRUVHFWLRQZKHUH LW LVKHDWHGE\DQ
H[WHUQDOVRXUFH7KHHYDSRUDWHGZDWHULVUHFRYHUHGLQDFRQGHQVHUDQGUHXVHGDVUHIULJHUDQWWRUHSHDWWKHF\FOH
,QRUGHUWRLQFUHDVHKHDWWUDQVIHUHIILFLHQF\XVXDOO\WKLVNLQGRIFKLOOHULVHTXLSSHGZLWKFRSSHURUFRSSHUDOOR\
SLSHV2QWKHRWKHUKDQGVWDLQOHVVVWHHOLVXVHGIRURWKHUFRPSRQHQWVOLNHJHQHUDWRUDQGYHVVHO
2QHRIWKHSULPDU\LVVXHVFRQFHUQLQJDEVRUSWLRQFKLOOHUVLVWKHVHOHFWLRQRIWKHPDWHULDOVWKDWFDQEHXVHGLQWKH
GLIIHUHQW VHFWLRQV RI WKH SODQW ,Q IDFW OLWKLXP EURPLGH VROXWLRQ SURGXFHV DQ DJJUHVVLYH HQYLURQPHQW &RUURVLRQ
SKHQRPHQDPD\EHH[DFHUEDWHGE\GLIIHUHQWIDFWRUVVXFKDVWHPSHUDWXUHDQGKLJKKDORJHQFRQFHQWUDWLRQ'LIIHUHQW
W\SHRIFRUURVLRQDWWDFNVFDQRFFXULQWKLVNLQGRISODQW)RUH[DPSOHWKHFRXSOLQJEHWZHHQGLIIHUHQWPDWHULDOVLH
FRSSHUWXEHVWHHOIODQJHVFDQSURGXFHJDOYDQLFFRUURVLRQ0RUHRYHUWKHWHPSHUDWXUHRIWKH/L%UVROXWLRQFKDQJHVLQ
GLIIHUHQWVHFWLRQVRIWKHDEVRUSWLRQV\VWHPDQGKHQFHWKHUPRJDOYDQLFFRUURVLRQPLJKWDOVRRFFXU7KHVHXQLWVRSHUDWH
XQGHUIORZLQJFRQGLWLRQVDQGWKHHIIHFWRIIOXLGIORZKDVEHHQFRQVLGHUHGDVRQHRIWKHPDMRUSUREOHPVEHFDXVHLWFDQ
LQFUHDVHFRUURVLRQUDWHV0RUHRYHUKDOLGHLRQVXVXDOO\DUHUHVSRQVLEOHIRUWKHGHVWDELOL]DWLRQRIWKHSDVVLYHILOPWKDW
SURWHFWVFRSSHUDQGVWDLQOHVVVWHHOVXUIDFHVDQGWKHQWKHLUSUHVHQFHFDQGHWHUPLQHORFDOL]HGFRUURVLRQSKHQRPHQDVXFK
DVFUHYLFHFRUURVLRQLHEHWZHHQWXEHDQGVXSSRUWVHSWDRUSLWWLQJ
7KHFRUURVLRQEHKDYLRURIPDWHULDOVLQVROXWLRQVFRQWDLQLQJFKORULGHLRQVKDVEHHQGHHSO\VWXGLHGEXWRQO\DOLPLWHG
QXPEHURISDSHUVFRQFHUQLQJWKHEHKDYLRURIPHWDOOLFPDWHULDOVLQOLWKLXPEURPLGHVROXWLRQVFDQEHIRXQGLQOLWHUDWXUH
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WXEHVHPSOR\HGLQGLIIHUHQWSODQWVHFWLRQVDQGWKHGLIIHUHQWIOXLGVWKDWZHUHLQFRQWDFWZLWKWKHP
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7KH VWXGLHG IDLOXUH HYROYHG LQ WZR VWHSV7KH ILUVW VWHS LQYROYHG WKH IDLOXUHRI WKHZDWHU FRSSHUSLSHOLQHV DQG
KDSSHQHGDIWHUIHZPRQWKVIURPWKHSODQWVWDUWXS
%HIRUHEHLQJSXWLQWRVHUYLFHWKHFKLOOHUZDVKHOGIRUDERXWD\HDURXWGRRUVQHDUWKHVHD'XULQJWKLVWLPHWKH
FKLOOHUORVWWKHQLWURJHQSURWHFWLRQRYHUSUHVVXUHDQGWKHFRXSOLQJIODQJHVEHWZHHQFKLOOHUDQGFKLOOHGZDWHUFRROLQJ
ZDWHUFLUFXLWVUHPDLQHGRSHQ7KLVDOORZHGWKHLQSXWRISROOXWDQWVDQGFRUURVLYHFRPSRXQGVLQWRWKHSLSHOLQHV$IWHU
IHZPRQWKVIURPWKHV\VWHPVWDUWXSWKHUHZDVDOHDNDJHRIZDWHUIURPWKHFKLOOHGZDWHUFLUFXLWWKDWGLOXWHGWKH/L%U
VROXWLRQDQGSURGXFHGDORVVRIWKHYDFXXPLQVLGHWKHFKLOOHU7KHIDLOHGSLSHKDVEHHQH[FOXGHGIURPWKHFLUFXLWDQG
WKHFKLOOHUKDVEHHQUHVWDUWHG6KRUWO\DIWHUZDUGVWKHUHZDVDQRWKHUZDWHUOHDNDJHIURPWKHSLSHOLQHVZLWKFRQVHTXHQW
GLOXWLRQRIWKH/L%UVROXWLRQ7KHFKLOOHUKDVEHHQVWRSSHGLQRUGHUWRLGHQWLI\WKHFDXVHVRIFRUURVLRQDQGWKHSRVVLEOH
VROXWLRQV7KHIDLOXUHDQDO\VLVKDVEHHQFDUULHGRXWQRWRQO\RQWKHSLSHRIWKHFKLOOHGZDWHUFLUFXLWEXWDOVRRQWKRVH
RIWKHFRROLQJZDWHUFLUFXLWDQGRIWKHFRQGHQVHU2QFHWKHVWXG\KDVEHHQFDUULHGRXWIDLOHGFRSSHUSLSHVKDYHEHHQ
UHSODFHGDQGWKHFKLOOHUKDVEHHQUHVWDUWHG
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)DLOXUHDQDO\VLV
3.1. First step (failure of copper pipes) 
$V DOUHDG\ VDLG WKH ILUVW VWHS RI WKH IDLOXUH LQYROYHG WKH FRSSHU SLSHV SUHVHQW LQVLGH WKH FKLOOHU 7KHLU IDLOXUH
SURGXFHGWKHORVVRIWKHYDFXXPLQWKHYHVVHODQGWKH/L%UVROXWLRQGLOXWLRQ%RWKFRUUXJDWHGDQGPLQLILQQHGSLSHV
KDYHEHHQUHPRYHGLQRUGHUWRLGHQWLI\WKHIDLOXUHSRVLWLRQDQGWKHSRVVLEOHFDXVHV6RPHFRSSHUSLSHVHPSOR\HGLQ
WKHFRQGHQVHUKDYHEHHQDOVRUHPRYHGLQRUGHUWRYHULI\LIWKH\WRRZHUHDIIHFWHGE\FRUURVLRQ
)LJVKRZVWKHDSSHDUDQFHRIWKHH[WHUQDOVXUIDFHRIFRSSHUSLSHV,WFDQEHQRWLFHGWKDWDOOSLSHVDUHFRYHUHGE\
DEODFNR[LGL]HGSDWLQD0DFURJUDSKVKDYHEHHQWDNHQLQFRUUHVSRQGHQFHRIWKHVHFWLRQVZKHUHWKHFRSSHUSLSHVDUH
LQFRQWDFWZLWKWKHVWHHO&VXSSRUWV)LJDVKRZVWKHVXUIDFHRIWKHFRSSHUSODLQSLSHXVHGLQWKHFRQGHQVHU2Q
WKLVVXUIDFHWKHZDWHUYDSRUSURGXFHGLQWKHJHQHUDWRUFRQGHQVHV)LJEVKRZVWKHVXUIDFHRIWKHFRSSHUPLQLILQQHG
SLSHHPSOR\HGLQWKHDEVRUEHUVHFWLRQ2QWKLVVXUIDFHWKH/L%UVROXWLRQZKLFKKHDWVXSZKHQLWDEVRUEVWKHZDWHU
YDSRUSURGXFHGLQWKHHYDSRUDWRUVHFWLRQLVFRROHGGRZQ,WFDQEHQRWLFHGDJDLQWKDWLQFRUUHVSRQGHQFHRIWKHVXSSRUW
DFRUURVLRQVFDOHLVGHYHORSHG)LJFVKRZVWKHVXUIDFHRIWKHFRSSHUFRUUXJDWHGSLSHHPSOR\HGLQWKHHYDSRUDWRU
VHFWLRQ7KHZDWHUIORZLQJLQVLGHLWLVFRROHGGRZQIURPWKHIODVKLQJZDWHUWKDWFRPHVIURPWKHFRQGHQVHU$FORVH
REVHUYDWLRQRILWVVXUIDFHKLJKOLJKWVWKDWDOVRLQWKLVFDVHDFRUURVLRQVFDOHLVIRUPHGLQWKHFRQWDFWSRLQWVEHWZHHQWKH
SLSHDQGWKHVXSSRUWV
7KHSUHVHQFHRIWKHVHFRUURVLRQSURGXFWVLQLWLDOO\VXJJHVWHGWKDWWKHIDLOXUHRIWKHSLSHVFRXOGEHGXHWRWKHJDOYDQLF
FRXSOLQJEHWZHHQWKHVWHHOVXSSRUWDQGWKHFRSSHUSLSHDQGZRUVHQHGE\WKHGHYHORSPHQWRIFUHYLFHFRUURVLRQ

)LJ0DFURJUDSKVRIWKHH[WHUQDOVXUIDFHVRIFRSSHUSLSHVD&RQGHQVHUSODLQSLSHE$EVRUEHUPLQLILQQHGSLSHF(YDSRUDWRUFRUUXJDWHG
SLSH

,QRUGHUWRYHULI\WKLVK\SRWKHVLVPHWDOORJUDSKLFDQDO\VHVKDYHEHHQFDUULHGRXWRQVSHFLPHQVWDNHQIURPWKRVH
DUHDV7KH\KDYHEHHQREVHUYHGE\PHDQVRIDVFDQQLQJHOHFWURQPLFURVFRSH6(0HTXLSSHGZLWKHQHUJ\GLVSHUVLRQ
VSHFWURVFRS\('6PLFURDQDO\VLV,QDGGLWLRQWRWKLVWKHFRUURVLRQVFDOHKDVEHHQDQDO\]HGE\[UD\GLIIUDFWLRQ)LJV
DDQGFVKRZWKHVXUIDFHRIWKHFRUUXJDWHGDQGPLQLILQQHGSLSHVZKLOH)LJVEDQGGVKRZWKHPHWDOORJUDSKLF
WUDQVYHUVHVHFWLRQVRIVSHFLPHQVWDNHQIURPWKHVDPHDUHDV,WFDQEHREVHUYHGWKDWDWKLJKPDJQLILFDWLRQWKHVFDOH
LVRQO\ODLGGRZQRQWKHH[WHUQDOSLSHVXUIDFHVLQIDFW)LJVEDQGGUHYHDOWKDWWKHSURILOHRIWKHH[WHUQDOVXUIDFHVRI
ERWKPLQLILQQHGDQGFRUUXJDWHGSLSHVLVDOPRVWLQWDFW7KHVFDOHLVORFDOL]HGLQFRUUHVSRQGHQFHRIWKHVXSSRUWVDQG
LWVWKLFNQHVVGHFUHDVHVPRYLQJDZD\IURPWKHP)LJVDQGVKRZWKH('6VSHFWUXPDQGWKH[UD\GLIIUDFWLRQSDWWHUQ
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RIWKHFRUURVLRQVFDOHUHVSHFWLYHO\$VLWFDQEHVHHQWKHFRUURVLRQSURGXFWLVLURQR[LGHFRPLQJIURPWKHFRUURVLRQRI
WKHVWHHOVXSSRUWV)URPWKLVSUHOLPLQDU\H[DPLQDWLRQLWFDQEHLQIHUUHGWKDWWKHIDLOXUHGLGQRWRFFXULQWKLVDUHD


)LJ6(0PLFURJUDSKVRIWKHH[WHUQDOVXUIDFHRIFRSSHUSLSHV&RQGHQVHUSODLQSLSHDE$EVRUEHUPLQLILQQHGSLSHFG


 
)LJ('6VSHFWUXPRIWKHFRUURVLRQVFDOHIRXQGLQFRUUHVSRQGHQFH
RIWKHVWHHOVXSSRUWV
)LJ  ;UD\ GLIIUDFWLRQ SDWWHUQ RI WKH FRUURVLRQ VFDOH IRXQG LQ
FRUUHVSRQGHQFHRIWKHVWHHOVXSSRUWV&X)H2

'XULQJWKHSLSHV¶DQDO\VHVLWKDVEHHQQRWLFHGWKDWWKHFRUUXJDWHGSLSHLQWHUQDOVXUIDFHVZHUHFRPSOHWHO\FRYHUHG
E\DJUHHQOD\HUZKLOHWKHRWKHUFRSSHUSLSHVZHUHDOPRVWFOHDQ)LJVDF7KHJUHHQFRPSRXQGKDVEHHQUHPRYHG
DQGDQDO\]HGE\[UD\GLIIUDFWLRQPRUHRYHUVHYHUDOVDPSOHVZHUHWDNHQDORQJWKHZKROHOHQJWKRIWKHSLSHDQGWKH
SROLVKHGFURVVVHFWLRQVREVHUYHGE\6(0('6
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)LJVDQGVKRZ WKDW WKLVJUHHQ OD\HUZDV IRUPHGE\DPL[WXUHRI LURQDQGFRSSHUR[LGHVDQGE\FRSSHU
EURPLGH K\GUR[LGH &X%U2+ 6(0 REVHUYDWLRQV RI WKH SROLVKHG FURVV VHFWLRQV )LJ  UHYHDOHG WKDW GHHS
FRUURVLRQSLWVGHYHORSHGIURPWKHLQWHUQDOVXUIDFHRIWKHFRUUXJDWHGSLSHLQVRPHFDVHVWKH\GHYHORSHGWKURXJKWKH
ZKROHSLSHVHFWLRQ('6DQDO\VHVFDUULHGRQWKHFRPSRXQGVSUHVHQWLQVLGHWKHSLWVVKRZHGWKDWWKH\ZHUHFRQVWLWXWHG
E\FRSSHUFKORULGHDQGRUFRSSHUEURPLGHK\GUR[LGH
)LJ0DFURJUDSKVRIWKHLQWHUQDOVXUIDFHVRIFRSSHUSLSHV&RQGHQVHUSODLQSLSHD$EVRUEHUPLQLILQQHGSLSHE(YDSRUDWRUFRUUXJDWHG
SLSHF

)LJ('6VSHFWUXPRIWKHGHSRVLWIRXQGLQVLGHWKHFRUUXJDWHGSLSH )LJ  ;UD\ GLIIUDFWLRQ SDWWHUQ RI WKH GHSRVLW IRXQG LQVLGH WKH
FRUUXJDWHGSLSH&X%U2+&X2;)H2

6(0REVHUYDWLRQRIWKHSROLVKHGFURVVVHFWLRQRIWKHFRUUXJDWHGSLSHVVKRZHGWKDWWKHVHSLSHVZHUHVXEMHFWHGWRD
GHHSORFDOL]HGFRUURVLRQDWWDFNWKDWVWDUWHGIURPWKHLQWHUQDOVXUIDFH)LJVKRZVGHHSSLWVWKDWLQVHYHUDOFDVHV
GHYHORSHGDOPRVWWKURXJKWKHZKROHSLSHVHFWLRQ7KHVHSLWVDUHIXOORIFRUURVLRQSURGXFWV7KHSUHVHQFHRIKDOLGHV
LQVLGHWKHVHSLSHVZDVXQH[SHFWHGLQIDFWFKORULQHLVYLUWXDOO\DEVHQWLQWKLVSODQWDQGRQO\WUDFHVRIWKLVHOHPHQWFRXOG
EHIRXQGLQWKHVRIWHQHGZDWHUIORZLQJLQWKHFKLOOHGZDWHUFLUFXLW+RZHYHULWPXVWEHFRQVLGHUHGWKDWWKHFKLOOHUZDV
VWRUHG IRU DERXW D \HDU QHDU WKH VHD DQG WKDW GXULQJ WKLV WLPH VSDQ WKH FRXSOLQJ IODQJHV UHPDLQHGRSHQ DOORZLQJ
PRLVWXUHDQGFKORULGHWRHQWHUWKHSLSHV7KHRFFXUUHQFHRIORFDOL]HGFRUURVLRQSKHQRPHQDKDVMXVWEHHQQRWLFHGDIWHU
WKHILUVWSODQWVWRSGXULQJDYLVXDOLQVSHFWLRQFDUULHGRXWZLWKDQHQGRVFRSH,WVKRZHGWKHSUHVHQFHRISLWVLQVLGHPDQ\
FRSSHUSLSHVERWKLQWKHHYDSRUDWRUDQGLQWKHDEVRUEHUVHFWLRQV6RPHSLSHVKDGDOVRWKHLQWHUQDOVXUIDFHFRYHUHGE\
DWKLFNOD\HURIDFRUURVLRQSURGXFWGHSRVLW$VLWFDQEHVHHQIURPWKHSODQWVFKHPDUHSRUWHGLQILJXUHEURPLQH
VKRXOGEHSUHVHQWRQO\LQWKHDEVRUEHU]RQHRIWKHFKLOOHUWKDWVKRXOGEHVHSDUDWHGE\DVHSWDIURPWKHHYDSRUDWRU
VHFWLRQZKHUHWKHIDLOHGFRUUXJDWHGSLSHVDUHSODFHG%URPLGHVFDQHQWHUWKHHYDSRUDWLRQVHFWLRQRQO\LI WKHUHLVD
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VXGGHQLQFUHDVHRIWKH/L%UVROXWLRQOHYHOGXHWRDSODQWPDOIXQFWLRQ7KLVSUREDEO\KDSSHQHGDVDFRQVHTXHQFHRI
WKHILUVWFKLOOHGZDWHUFLUFXLWIDLOXUHZKHQSUHVVXUL]HGZDWHUIURPWKLVFLUFXLWIORRGHGWKHFKLOOHU



)LJ6(0PLFURJUDSKVVKRZLQJWZRGHHSSLWVGHYHORSHGLQWKHFRUUXJDWHGFRSSHUSLSHV

7KHVWRUDJHRIWKHFKLOOHULQSUR[LPLW\RIWKHVHDZKHUHWKHFRQFHQWUDWLRQRIFKORULGHVLQWKHDLULVKLJKSUREDEO\
FUHDWHVWKHFRQGLWLRQVIRUDORFDOL]HGFRUURVLRQDWWDFNWKDWVWDUWHGIRUPWKHSLSHLQWHUQDOVXUIDFH*HQHUDOO\VSHDNLQJ
KDOLGHVJHQHUDWHDYHU\DJJUHVVLYHHQYLURQPHQWIRUFRSSHU>@WKDWLQKDOLGHVROXWLRQVH[KLELWVDQDFWLYHEHKDYLRU
&KORULGHLRQVLQIDFWWHQGWRIRUPVROXEOHFKORULGHFRPSOH[HVܥݑܥ݈ଶିDQGܥݑܥ݈ଷଶିWKDWDUHHDVLO\GLVVROYHG7KHGHHS
SLWVGHYHORSHGDQGWKHKLJKSUHVVXUHGLIIHUHQFHEHWZHHQWKHLQVLGHDQGWKHRXWVLGHRIWKHSLSHVSUREDEO\FDXVHGWKH
ILUVWREVHUYHGIDLOXUH7KHH[WHUQDOVXUIDFHVRIFRSSHUSLSHVZHUHSURWHFWHGEHFDXVHSLSHVZHUHSODFHGLQWKHFORVHG
FKLOOHUYHVVHODQGNHSWXQGHULQHUWJDVQLWURJHQRYHUSUHVVXUH
$IWHUWKHILUVWIDLOXUHOHDNWHVWVZHUHFDUULHGRXWLQRUGHUWRLGHQWLI\WKHGDPDJHGSLSHVWKDWZHUHWKHQH[FOXGHG
IURPWKHFLUFXLW0RUHRYHUPLQLILQQHGFRSSHUSLSHVSUHVHQWLQWKHDEVRUEHUVHFWLRQKDYHEHHQFKHPLFDOO\FOHDQHG
ZLWKK\GURFKORULFDFLG7KHSODQWZDV WKHQUHVWDUWHGEXWDIWHUIHZPRQWKV WKHFRSSHUSLSHOLQHVIDLOHGDJDLQ7KLV
VHFRQG IDLOXUHZDV FDXVHG E\ ROG SLWV DQG E\ QHZ SLWV GHYHORSHG XQGHU WKH EURPLGH OD\HU SUHYLRXVO\ GHVFULEHG

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&RQVLGHULQJ WKDW KDOLGH LRQV EHKDYH VLPLODUO\ EURPLGHV DOVR IDYRU ORFDOL]HG FRUURVLRQ SKHQRPHQD 7KH\ DUH
DJJUDYDWHGE\WKHSUHVHQFHRIWKHVDOWGHSRVLWWKDWFDQIDYRUFUHYLFHFRUURVLRQLQLWLDWLRQDQGSURSDJDWLRQ
2QFHWKHFDXVHVRIIDLOXUHKDYHEHHQLGHQWLILHGDOOFRSSHUSLSHVZHUHUHSODFHGZLWKQHZRQHV
3.2. Second step (failure of stainless steel). 
$IWHUIHZPRQWKVIURPWKHFKLOOHUUHVWDUWVRPHSLSHVRIWKHKRWZDWHUFLUFXLWLQWKHJHQHUDWRUIDLOHGFDXVLQJDQHZ
SODQWGRZQWLPH3LSHVLQWKHJHQHUDWRUDVDOUHDG\VDLGLQ6HFWLRQDUHPDGHRIVWDLQOHVVVWHHO3UHVVXUL]HGKRWZDWHU
IORZVLQVLGHWKHPZKLOHWKHLUH[WHUQDOVXUIDFHLVLQFRQWDFWZLWKDGLOXWHG/L%UVROXWLRQDWDSUHVVXUHRIDERXW
03D6RPHIDLOHGSLSHVZHUHUHPRYHGIRUDFRPSOHWHPHWDOORJUDSKLFDQDO\VLV
$QDNHGH\HREVHUYDWLRQRIWKHFRUURGHGSLSHVUHYHDOHGWKDWWKHUHDUHGHIHFWVGHYHORSLQJIURPWKHLQWHUQDOVXUIDFHV
WKURXJKWKHZKROHVHFWLRQRIWKHSLSHV)LJVDDQGEVKRZWKHPDFURJUDSKVRIDGHIHFWREVHUYHGRQWKHH[WHUQDO
DQGRQWKHLQWHUQDOSLSHVXUIDFHUHVSHFWLYHO\2QWKHH[WHUQDOVXUIDFHDFUHYLFHLVFOHDUO\YLVLEOHZKLOHRQWKHLQWHUQDO
VXUIDFHWKLVGHIHFWDSSHDUVDVDGHHSKROHVXUURXQGHGE\UHGFRUURVLRQSURGXFWVLURQR[LGH,QWKLVDUHDVHYHUDOSLWV
KDYHEHHQREVHUYHGDQG VRPHRI WKHPZHUH UDWKHUGHHS)LJXUHVDQGVKRZ WKH6(0PLFURJUDSKVRI WKHVH
GHIHFWV('6PLFURDQDO\VLVFDUULHGRXWRQWKHPHWDOVXUIDFHLQVLGHWKHSLWVVKRZDORZR[\JHQFRQWHQW
,QRUGHUWRXQGHUVWDQGWKHFDXVHVRIWKLVFRUURVLRQSKHQRPHQRQLWPXVWEHFRQVLGHUHGWKDWGXULQJDSODQWLQVSHFWLRQ
FDUULHGRXWWRJDWKHULQIRUPDWLRQDERXWWKHILUVWVWHSRIWKHIDLOXUHLWZDVQRWLFHGWKDWDOOWKHIODQJHVFRQQHFWLQJWKH
SODQWSLSHOLQHVWRWKHH[WHUQDOFLUFXLWVZHUHRSHQDQGWKDWWKHUHZDVVWDJQDQWZDWHULQVLGHDOOWKHSLSHV7KLVVXJJHVWHG
WKDW WKH IDLOXUH LQ WKH JHQHUDWRU FRXOG EH GXH WR SKHQRPHQD RI GLIIHUHQWLDO DHUDWLRQ 7KH ORFDOL]HG FRUURVLRQ E\
GLIIHUHQWLDODHUDWLRQLVHVWDEOLVKHGZKHQSDUWRIDPHWDOOLFVXUIDFHLVHDVLO\UHDFKHGE\R[\JHQGLVVROYHGLQZDWHU
ZKLOHDQRWKHUSDUWLVQRW7KHR[\JHQVWDUYHGVXUIDFHEHFRPHDQRGLFDQGFDQEHVXEMHFWHGWRLQWHQVHFRUURVLRQ
7KHPHWDO LRQVGLVVROYHG LQ WKHDQRGLFUHJLRQPLJUDWH WRZDUGV WKHFDWKRGLF UHJLRQZKHUH WKH\UHDFWZLWK2+
SURGXFHG E\ R[\JHQ UHGXFWLRQ DQG SUHFLSLWDWH DV PHWDO K\GUR[LGH 7KLV FRUURVLRQ PHFKDQLVP SURGXFHV D GHHS
ORFDOL]HGFRUURVLRQDWWDFNGHHSSLWVLQWKHR[\JHQVWDUYLQJDUHDVZKLOHPHWDOK\GUR[LGHVSUHFLSLWDWHFORVHWKHDLU
ZDWHU LQWHUIDFH 7KH JHQHUDWRU SLSHV¶ DQDO\VHV VKRZHG WKDW WKHVH SLSHVZHUH DOVR VXEMHFWHG WR D VHFRQG W\SH RI
FRUURVLYHDWWDFN)LJXUHVDDQGEVKRZWKHH[WHUQDOVXUIDFHRIVWDLQOHVVVWHHOPLQLILQQHGSLSHVZKLFKDUHIUHTXHQWO\
FRYHUHG E\ GDUN VSRWV 7KH FRUUHVSRQGLQJ LQWHUQDO VXUIDFHV ZHUH GHIHFW IUHH )LJXUHV  DQG  VKRZ 6(0
PLFURJUDSKVRIWKHGDPDJHGH[WHUQDOVXUIDFHDQGRIWKHFURVVVHFWLRQVWDNHQLQFRUUHVSRQGHQFHRIWKHGHIHFWV,QWKH
FHQWUDOSDUWRIHDFKGDUNVSRWDSLWZDVDOZD\VLGHQWLILHG('6DQDO\VHVVKRZHGWKDWLQVLGHWKHSLWVDWLWDQLXPULFK
SDUWLFOHLVRIWHQSUHVHQWDQGWKDWFRSSHULVDOZD\VGHWHFWHGLQWKHFRUURVLRQSURGXFWVVXUURXQGLQJWKHSLWV
7KLVFRUURVLRQSKHQRPHQRQZDVQRWUHVSRQVLEOHIRUWKHIDLOXUHRIWKHJHQHUDWRUSLSHOLQHEHFDXVHSLWVZHUHQRWVR
GHHSWRSHUIRUDWHWKHSLSHVDQGWRSURGXFHZDWHUOHDNDJH'HVSLWHWKDWFDXVHVRISLWV¶IRUPDWLRQPXVWEHLGHQWLILHG
EHFDXVHWKHLUGHSWKZRXOGLQFUHDVHZLWKWLPHDQGWKHQWKH\FRXOGSHUIRUDWHWKHSLSHVDJDLQ3LWVFDQIRUPRQVWDLQOHVV
VWHHOFRPSRQHQWVRQO\LIWKH³SDVVLYH´ILOPWKDWSURWHFWVWKHPHWDOVXUIDFHEUHDNVXSORFDOO\
7KLVILOPEUHDNGRZQRFFXUVZKHQWKHSRWHQWLDOEHFRPHKLJKHUWKDQWKHEUHDNGRZQSRWHQWLDO(%7KH(%YDOXH
GHSHQGVRQPHWDOOXUJLFDODQGHQYLURQPHQWDOIDFWRUV,QWKHFDVHRIVWDLQOHVVVWHHO(%LQFUHDVHVZLWKLQFUHDVLQJWKH
FRQWHQWRIFKURPLXPQLFNHODQGPRO\EGHQXPEXWLWFDQEHORZHUHGHLWKHUE\WKHSUHVHQFHRILQFOXVLRQVRURIZRUN
KDUGHQHG]RQHDQGZKHUHYHUWKHSDVVLYHILOPLVGHIHFWLYHWKHXQGHUO\LQJDOOR\FDQVWDUWWRGLVVROYHORFDOO\(%YDOXH
LVFRQVLGHUDEO\UHGXFHGE\WKHSUHVHQFHLQWKHHQYLURQPHQWRIVSHFLILFLRQVVXFKDVKDORJHQLRQVWKDWSURPRWHSLWWLQJ
FRUURVLRQZKLFKLVRIWHQWKHFDXVHRIFDWDVWURSKLFIDLOXUHRIPHWDOOLFFRPSRQHQWV>@,QWKHSUHVHQWHGFDVHVWXG\
DOORIWKHFKHPLFDODQGPHWDOOXUJLFDOIDFWRUVWKDWFDQFDXVHSLWWLQJFRUURVLRQZHUHSUHVHQW,QIDFWDOWKRXJKSLSHVDUH
PDGHRIDVWDLQOHVVVWHHOZLWKD&UFRQWHQWZKLFKLVDEOHWRSURPRWHWKHIRUPDWLRQRIDSURWHFWLYHSDVVLYHILOP
WKHHQYLURQPHQWVXUURXQGLQJSLSHVLVYHU\ULFKRIKDORJHQLRQV/L%UGLOXWHGVROXWLRQ0RUHRYHUWKHPLFURVWUXFWXUH
RI WKLV VWDELOL]HG VWDLQOHVV VWHHO LV FKDUDFWHUL]HG E\ D PDVVLYH SUHVHQFH RI QRQ PHWDOOLF LQFOXVLRQV WLWDQLXP
FDUELGHQLWULGHSDUWLFOHV3ODVWLFGHIRUPDWLRQQHFHVVDU\WRREWDLQWKHPLQLILQQLQJSURGXFHGZRUNKDUGHQHGDUHDVDQG
SUREDEO\GDPDJHGORFDOO\WKHSDVVLYHILOP$OORIWKHVHIDFWRUVGHFUHDVHWKH(%YDOXHPDNLQJWKHDOOR\PRUHSURQHWR
SLWWLQJFRUURVLRQ

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)LJ0DFURJUDSKVRIWKHVWDLQOHVVVWHHOSLSHH[WHUQDODDQGLQWHUQDOEVXUIDFHV

)LJ6(0PLFURJUDSK VKRZLQJDGHHSSLW RQ WKH VXUIDFHRI WKH
VWDLQOHVVVWHHOSLSH
)LJ6(0PLFURJUDSKVKRZLQJVPDOOSLWVGHYHORSHGRQWKHLQWHUQDO
VXUIDFHRIWKHVWDLQOHVVVWHHOSLSH

,QRUGHUWRIXOO\XQGHUVWDQGWKHFRUURVLRQSURFHVVRFFXUUHGLQWKHJHQHUDWRULWLVQHFHVVDU\WRLGHQWLI\WKHFDWKRGLF
SURFHVV&RQVLGHULQJWKDWWKHJHQHUDWRURSHUDWHVXQGHUYDFXXPDQGWKDWPHWDOOLFFRSSHUKDVEHHQIRXQGDURXQGSLWV
WKHUHGXFWLRQRIFXSULFLRQVWRPHWDOOLFFRSSHU&XHė&XLVWKRXJKWWREHWKHPRVWOLNHO\FDWKRGLFSURFHVV,Q
IDFWFRSSHULRQVGLVVROYHGLQWKH/L%UVROXWLRQDVFRQVHTXHQFHRIFRSSHUSLSHOLQHFRUURVLRQLQWKHDEVRUEHUZHUH
FDUULHGLQWRWKHJHQHUDWRUZKHUHWKH\FRXOGEHUHGXFHGWRPHWDOOLFFRSSHU
$VIDUDVWKHSUHVHQWFDVHVWXG\LVFRQFHUQHGWKHPRVWLPSRUWDQWIDFWRUFDXVLQJSLWLQLWLDWLRQDQGSURSDJDWLRQVHHPV
WREHWKHSUHVHQFHRIWLWDQLXPFDUELGHLQFOXVLRQVWKDWDUHDOZD\VIRXQGLQVLGHWKHSLWV6WXGLHVDYDLODEOHLQOLWHUDWXUH
>@KLJKOLJKW WKDWQRQPHWDOOLF LQFOXVLRQVSURPRWH WKHIRUPDWLRQRIGHIHFWLYHSDVVLYHILOPV)RUVWDLQOHVVVWHHOV
VXOILGH LQFOXVLRQV DUH SULPDU\ UHVSRQVLEOH IRU SLWWLQJ LQLWLDWLRQ EXW LW KDV EHHQ GHPRQVWUDWHG WKH WLWDQLXP ULFK
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LVWKRXJKWWREHWKHPRVWOLNHO\FDWKRGLFSURFHVV,Q
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FDUULHGLQWRWKHJHQHUDWRUZKHUHWKH\FRXOGEHUHGXFHGWRPHWDOOLFFRSSHU
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